Sandra J. Soulliere, Margo I. Toth, Viki Bankey, Steven M. Smith, James A. Pitkin,
Theresa M. Cookro, Laura N. Robinson Roberts, Carol Molnia, Craig J. Wandrey,
Ben E. Law, Charles W. Spencer, and Charles E. Barker

U.S. Geological Survey

with a section on Salable Minerals

by John S. Dersch, U.S. Forest Service

U.S. Geological Survey Open-File Report 96-082

October 1, 1996

This report is preliminary and has not been reviewed for conformity with U.S. Geological
Survey editorial standards and stratigraphic nomenclature. Any use of trade names is for
descriptive purposes only and does not imply endorsement by the USGS.



CONTENTS

bl 141 13 o 1
Characterand Geologic Setting . ... .. ... ...ttt neenenennennns 1
Mineral ReSOUICES . . . . v vt i ittt ittt ittt ettt ettt e 2
Energy RESOUICES . . . v vt ii it ittt ittt ittt it saneenensnanannnses 9
Undiscovered Mineral and Energy Resources . ............. ...t itiunnnennn. 9

Locatable Minerals . .. ........... ittt eenennrneennnnans 9
Leasable Minerals . ..............c0iiiiiiinnenneneoeennennannns 11
Salable Minerals . . .. ... ... . ittt i i i e 12
Quantitative Assessment of Metallic Resources Using Grade-Tonnage Models . .......... 13

IntroduCtiOn ... .. . i e e e et et e 13
Geographic Setting . ... ... ... ...ttt ittt i e e 13
Methods for Identifying Favorable Areas for Undiscovered Mineral Resources . .......... 15
Previous ASSESSIMENtS . . v o ¢ o v vt v it ettt e e e e e e 15
Acknowledgments . . . ... ...ttt i i i e et e e e e 15

€70 [0y 18
Geologic HiStory . . . . ..ot i i e e e e e e e e 18
Descripionof Rock Units . . . . ... ... ittt ittt ittt eee e 19

ProterozoicRocks ... ... ... . . i i e 19
Paleozoic Rocks . . .. .. .. i i i i e e e e e 20
Mesozoic ROCKS . . ... . i i e e e e e 20
Middle Tertiary Rocks . . . ... ... . i ittt i i iie i 21
Late Cretaceousand TertiaryRocks . .. ......... ... .. .. viiivenn... 21
Quaternary and Pliocene (?) Unconsolidated Deposits . . ... ................. 22
ColoradoMineral Belt . ... ... ... ... ... ittt it inenneneennns 22
Structural Geology . . ... ... e e e 24

GeOChemiStTY . . . ... i i e e e et e e e e 25
Geochemical SUIVEYS . . . . .. ittt ittt it ittt e e e e 25
Methodof Study . .. ... ... i e e 25
ReSUIS . ... i ittt it e e e e e e e e 27

Hahns Peak Mining District ... .......... ... .. . it iiieennnn. 27
CamClaims ATEa . . . . ...t ittt it ittt ittt et e e e e 27
Henderson-Urad Molybdenum Area .. ................. ... .. .cc0o.... 27
Mt Cumulus . ...t it i e e et e et e e 28
Vasquez Peak Molybdenum Anomalous Area . .......................... 28
Bear Creek-Lone Pine Creek Anomalous Area . ................cc0veun.. 28
Red Canyon-Crystal Mining District . . . ............ ... .. oo, 28
Spring Claims Area .. ...........0 it innennneennnans 29
Diamond Park Area ... ......... ... ..ttt 29
Beaver Creek Area (Farwell Mining District) . ....................c...... 29
Dailey (Atlantic) Mining District . ............... ... ... iiiiun.... 29
King Solomon Mine Area (Farwell Mining District) . . ..................... 29
LaPlataMining District . . . . ........ ... ittt 30
Teller Mining District . . ... ... ... ... 00ttt innenernnnnenn 30
Red Elephant Mountain Area .. ..........c.0titintennrnoneennesenns 30

ii



Beaver Creek-Norris Creek Area . .. ... oo ittt it e et i et et nnneens 30

Beaver Creek Area . ... i ittt it ittt e e e e e e e 31
Spencer Heights Area . .. .. .. .. ittt it itnieenanenns 31
Greenville Mine ATea . ... ...... ...t iiiintmeenenenenneneenens 31

Lower Slavonia Mining District . . .. ......... .0ttt ennennnns 31

Upper Slavonia Mining District . .. ........... ...ttt rennnnenns 31

Pearl Mining District . . . . ... ...ttt it ittt iieraeannnns 32

Poison Ridge Area (A.O. Porphyry Copper Deposit) ...................... 32

Peak 9731-Elkhorn Complex Area . ... .. ...vuiitinineeneenennenaanns 32

Big Creek ATea . .. ... ittt ittt i i e e e et e 32
Continental Divide-Fish Creck Reservoir Anomalous Area . ................. 32
Morrison Creek-Beaver Creek Anomalous Area . .............covvueennns 33

Other OCCUITENCES . . v v v vttt ittt ittt ettt setnenenanensnnansos 33
Geophysical Studizs . . ... ... . it i i i e et e e 35
Previous Studies . . .......... ..ttt i e i e 35
Gravity Data . .. ... ..ttt i e e e e e e e e 36
Aeromagnetic Data . ... ..... ...ttt i i e e e e e 40
Physical Properties of Rocks . .. ...... ... ... i i i i i 41
Interpretations of Gravity and MagneticData . ............................... 44
Aerial Gamma-ray Radioactivity . . . .. ......... ... i i i i e 53
Introduction . ............ .0ttt i i it e e 53
DASCUSSION . .. ittt e e e e et e e e e e e e e 54
Interpretation . . . . .. ... e e 60
Analysis of Radioelement Data by NURE Aerial Contractor . ................ 61
Mineral Resources - Locatable Minerals . . .............. .00ttt inenenennnns 64
Mining and Exploration History . ... ... ... ... ... .00t ieennnnnnns 64
Potential for Undiscovered Mineral Resources--Locatable Minerals .................. 64
Stockwork Molybdenum . ... ... .. .. ... e e e 65
Porphyry Copper . ... ..ottt e e e e e 68
Polymetallic Veins . ........... ...t iiiiiiiniinnnennn, 72
Stratabound Massive Sulfides ... ........... ... ... .. i 76
Fluorspar Veins . . .. ... .. .ttt ittt ittt ettt ieenaneenns 79
VeinUranium . . ... ... .. ... ittt titteeineenneeennaenns 81
Sandstone Uranium-Vanadium . . . ... ....... ..ttt enrnnens 84

Placer Gold . . . . oottt e e e 87
PGEINUltramafics . . . .. ..ottt ittt i e ittt et ee et 9%
U-Th-REEinPegmatites . ............c0itiiiniiunenneneenennnnnns 93

MiInor OCCUITENCES .+« . . v vt vttt ettt it ittt e e eeeees 9%
Mineral Resources - Leasable Minerals . . . .. ........ ... ...ttt ennnnenenns 97
Coal Geology and RESOUICES . . . vt vttt ittt ittt it e nanaanannns 98
Introduction . .. .. ....0iti ittt i i e e e e e 98

N - N 101
Methods Used to Estimate Coal Resources ... .............. ... 107
Mesaverde Group Coals . ............ .0ttt innenenenns 107

Lance Formation Coals . .. ... ... ...ttt innrenenenns 115

Fort Union FormationCoals . . . .. ............ ...t 115

Limitationof Data .. ... .. ... ... ... ittt 117

il



Areas 2,4, and 6 ... ... ...ttt e e e e e e 118
(- T 118
(- T T 119
Oil, Gas, and Coal Bed Methane ReSOUICES . .. .. v v v it e vttt e reeennnenn 120
Introduction ... ......... ittt i e e e 120
Conventional Hydrocarbon Accumulations . . ... .................c0.... 120
Subthrust Hydrocarbon Accumulations ....................c.vovun... 124
Unconventional Hydrocarbon Accumulations . ......................... 124
CoalbedMethane . .. ... ...... ..t iiriirtneeinneeneennns 124
Basin-Centered Gas Accumulation . . .. ..................vou.. 125
OilinFractured Shales . ................ciii .. 127
Geothermal ReSOUICES . . . . .o v ittt ittt itee e tte e tneseteesnensneannenens 130
Mineral Resources - Salable Minerals . . . . ............. .. it ennnnnnennn 130
Crushed Aggregate .. .......... ...ttt 131
Dimension Stone . . ............. e 132
Sandand Gravel .. ........ ... ... ittt i e e 132
Probabilistic Assessment of Undiscovered Metallic Endowment using grade-tonnage models . . . . . .. 133
Introduction . ... ... ... ..ttt e e e e e 133
Assessmentmethod . ... ... ... ... .. .. i e e e 133
Delineation of Permissive Areas . ..............ciiiiiiineneenrnnns 133
Grade Tonnage Models and Estimation of Undiscovered Deposits . ............ 134
Mark3 Computer Program . .. ..........c.uitiniinenenneneenennnnn 135
Calculation of the Meanand the Median . ............................ 135
ReSUMS . .. i e e e e e e e 136
Massive Sulfide or Sierran KurokoDeposits . . .. ... ..........cc0civen... 136
Porphyry Copper Deposits . ........... ... i, 136
Placer Gold Deposits . . . . ..o i vttt it ettt it ittt i e e 139
Summary of Environmental Studies ... .......... ... ... . i i e 139
Mines and Mineralized Areas . . . ... ... ...ttt e 139
Water Quality and Atmospheric Studies .. ............... ... ... ... .. ... ... 140
References . .. ..o e e e e e 142
Appendix 1. Geologictime chart . .. ........... ... .. ittt 159
Appendix 2. Definitions of levels of mineral resource potential and certainty of assessment . ... ... 160
Appendix 3. Coal resource classification . .. ............ ...ttt nnnrenn. 161
Appendix 4. Definitionof terms . . . ... ...... .. ... ... i i i i e e e 162
Appendix 5. Units of Measurement . ........ e e et e e e 163
Plates
Plate 1. Mineral resource potential map for locatable and leasable commodities
Plate 2. High-pass filtered Bouguer gravity anomaly map
Plate 3. Total-intensity residual magnetic anomaly map

iv



Lal il

>

26.

27.
28.

29.

30a.
30b.
31a.
31b.
32a.
32b.

33a.
33b.

Figures

Map summarizing potential for undiscovered locatable minerals .................... 3
Map summarizing potential for leasableminerals .................... ... ... .... 4
Index map showing the location of the Routt National Forest and Middle Park

Ranger District of the Arapaho National Forest, Colorado . .. ................ 14
Index map of studied public lands in or adjacent to the Routt National Forest and

Middle Park Ranger District of the Arapaho National Forest, Colorado .......... 16
Index map showing mining districts and mineralizedareas ........................ 23
Map showing areas of previous geophysical studies . . . ............ ..., 37
Map showing location of acromagnetic surveys used to compile aecromagneticmap ........ 38
Complete Bouguer gravityanomalymap . .................ciiiinrenneennn. 39
Potassium aeroradioactivity gray-scalecontourmap ...............0iiiin... 55
Uranium aeroradioactivity gray-scalecontourmap . .............. ..o enn... 56
Thorium aeroradioactivity gray-scale contour map . . ...........coovuuvennnennnn. 57
Uranium:thorium aeroradioactivity gray-scale contourmap ....................... 58
Potassium:thorium aeroradioactivity gray-scalecontour map . . . . ... ................ 59
Mineral resource map for stockwork molybdenum deposits (A) . . ... ................ 67
Mineral resource map for stockwork copper-molybdenum deposits(B) .. .............. 71
Mineral resource map for polymetallic veindeposits (C) . ........................ 74
Mineral resource map for stratabound massive sulfide deposits D) . ................. 78
Mineral resource map for fluorspar veins and dissemination deposits(E) . ............. 80a
Mineral resource map for veinuranium (F) . . ... ........ ...ttt 83
Mineral resource map for sandstone uranium-vanadium deposits (G) . ................ 86
Mineral resource map forplacergold (H) . . .. ........ ... i, 89
Mineral resource map for PGE in ultramaficrocks (I) . .. ............... ... ...... 92
Mineral resource map for U-Th-REE (J) .. . . .. ..o i vttt ittt it i iieeeen 95
Index map of Routt National FOTest . . . . . ..o vvvt i iieei e eeieeaneeennns 99
Structural setting of Area 1 in the southeastem part of the Sand Wash basin of the Greater Green
Riverbasin . ...... ... . . . . i e i i e e 102
Generalized geologic map showmg Late Cretaceous sedimentary rocks and Tertiary sedimentary,
volcanic, and intrusive rocksinandnear Area 1 ................ i, 103
Stratigraphic units in and near Area 1 in the eastern part of the Sand Wash basin . . . ...... 104
Spontaneous potential (S.P.) and resistivity log signatures of Upper Cretaceous stratigraphic units
MArEa 1 ... . e e e e e e 105
Spontaneous potential (S.P.) and resistivity log mgnatures of Upper Cretaceous and Tertiary
stratigraphicunitsin Area 1 . .. ... ... .. . . . i e 106
Isopach map of cumulative coal in the Iles Formauon inandnear Areal.............. 108
Isopach map of overburden; datum is top of Iles Formationin Area 1 . ............... 108
Isopach map of cumulative coal in the Williams Fork Formation in and near Area 1 ...... 109
Isopach map of overburden; datum is top of Williams Fork Formationin Areal ......... 109
Isopach map of cumulative coal in the Lance Formation, in and near Areal ........... 110
Isopach map of overburden; datum is lnse of Lance Formation (top of Fox Hills Sandstone) in
- 110
Isopach map of cumulative coal in the Fort Union Formation, in and near Area 1 .. ...... 111

Isopach map of overburden; datum is top of Fort Union Formationin Area 1 ........... 111



34.
35.
37.

38.
39.

SIS PPN LR W~

§s

Map showing coal resource potential of areas underlain by coal-bearing Upper Cretaceous and

Tertiary stratigraphicunits ............... ettt et et a it 116
Map showing oil fields, gas fields, and wells ................................ 121
Energy resource map for conventional and subthrust oil and gas accumulations (L) ....... 123
Energy resource map for coalbed methane gas accumulations . .................... 126

Energy resource map for basin centered gas accumulations (N)
Energy resource map for fractured shale oil accumulations (O)

TABLES

Resource potential classified according to type of deposit . .. .............. .. ... ... 5
Description of areas of locatable and leasable resources . .. ..........ccouvveunenn 6
Previous studies .................... Ve ettt et e st 17
Threshol¢ values used to divide concentration ranges of elements in different sample media . . . 26
Average susceptibility and density valuesforrocks . ............. ... .. o e, 42
References for magnetic anomaly prefixesonplate3 .............. ... .. oo 46
Estimated hypothetical coal resources of Area 1 according to overburden category ....... 100
Location for drill holes shown in figures30-33 .. .............. ... ... ... ... 112
Location and coal thickness data of measured outcrop sections shown on figures 30-33. .... 113
Mean number of deposits and probability of zero deposits for quantitative estimates . . ... .. 137
Quantitative estimates of undiscovered resources of Sierran Kuroko, prophyry copper, and placer

BOld depoSitS . ... ..t i e e e it e e e 138

vi



SUMMARY

This summary is presented in a non-technical format for the aid of land-use planners and
other non-scientific personnel,

The assessment of the resource potential of the Routt National Forest and the Middle Park
Ranger District of the Arapaho National Forest, Colorado (referred to as "the Forest" in this
report) was made to assist the U.S. Forest Service in fulfilling the requirements of Title 36,
Chapter 2, part 219.22, Code of Federal Regulations and to supply resource information so that
the mineral resources of the Forest can be considered along with other resources in land-use
planning. The Middle Park Ranger District of the Arapaho National Forest is included in this
report on the Routt National Forest because the two areas are administered by the staff of the
Routt National Forest and are included in a single planning document.

This report discusses the potential for as yet undiscovered mineral and energy resources
within the Forest. All available information regarding mineral deposits or occurrences and energy
resources, as of June 1994, was assembled to assess the mineral and energy potential. Geological
and geophysical maps were compiled at a scale of 1:250,000 (pl. 1-3 ). Mineral and energy
potential maps were also created for deposit types within the Forest.

Although most of the Forest is north of the productive Colorado mineral belt, the Forest
has a history of mineral exploration and some mining development. The molybdenum mine at
Henderson is located just outside the southeastern boundary of the Forest and the Northgate
district, in the northeastern part of the Forest, was an important producer of fluorspar. Deposits
of gold, silver, lead, zinc, copper, fluorspar, uranium, and vanadium have been exploited from
mines and prospects within the Forest. Some production of the industrial minerals mica,
vermiculite, crushed and lightweight aggregate, and sand and gravel has also occurred. Coal beds
and oil and gas reservoirs have been identified within and adjacent to the Forest, and geothermal
waters from hot springs in the area have been used for recreational purposes.

Character and Geologic Setting

The Routt National Forest and the Middle Park Ranger District of the Arapaho National
Forest cover about 1.2 million acres in north-central Colorado. Seven mountain ranges and parts
of six counties are within the Forest. The Forest consists primarily of forested land at higher
elevations separated by rolling hills, sage-covered valleys, and broad meadows. Elevations range
from about 6,800 ft at Mad Creek to more than 12,900 ft at Clark Peak in the Medicine Bow
Mountains. Within the Forest, the Continental Divide trends north-south through the Park Range,
turns east-west to follow the crestline of the Rabbit Ears Range, and then turns southward
towards the Vasquez Mountains in the southern part of the Forest. North-and east-flowing
streams drain into the Platte River and south- and west-flowing streams drain into the Colorado
River.

The geology of the Forest varies considerably in character; rocks range in age from nearly
2 billion year-old granitic and mafic intrusive and metamorphic rocks to modern stream gravels
(plate 1). In the northwestern part of the Forest the Elkhead Mountains contain Upper
Cretaceous- through Tertiary-age (see geologic time chart in Appendix 1) sedimentary rocks
crosscut by Upper Tertiary intrusions, dikes, and sills. Within this area the Miocene Hahns Peak
stock has particular importance because ore has been mined from the surrounding breccia (Gale,



1906; Vanderwilt, 1947). Small patches of volcanic lava flows and breccias also overlie the
sedimentary rocks locally.

The central part of the Forest consists of a north-trending belt of mountains that includes
the southern part of the Sierra Madre, the Park Range, and the northern part of the Gore Range.
The core of these ranges is made up of Proterozoic metamorphic and granitic rocks while the
flanks of the ranges are composed of Paleozoic sedimentary rocks. The Sierra Madre and the
Park Range consist of Proterozoic gneisses, amphibolite, and migmatite, and younger mafic and
granitic plutons. The northern Gore Range consists mainly of Proterozoic granite with isolated
outcrops of Paleozoic sedimentary rocks.

The northeastern part of the Forest is in the Medicine Bow Mountains, and consists mainly
of Proterozoic granite and hornblende gneisses. Just outside the Forest boundary in this area, the
Independence Mountain thrust fault separates Paleozoic and Tertiary age sedimentary rocks from
the Proterozoic rocks. At the southern extension of the range, the Never Summer Mountains
consist of Proterozoic biotite gneiss and migmatite intruded by shallow-level Tertiary stocks and
dikes. Tertiary-age sedimentary rocks are exposed west of the Never Summer thrust fauit.

To the west of the Never Summer Mountains, the Rabbit Ears Range separates the North
Park basin from the Middle Park basin. In the Rabbit Ears Range, Tertiary-age sedimentary and
volcanic rocks are intruded by small Tertiary intermediate-composition porphyries.

The southeastern part of the Forest includes parts of the Williams Fork and Vasquez
Mountains. These ranges consist primarily of Proterozoic granite and gneisses with Tertiary-age
sedimentary rocks exposed in the valley between the ranges. Faulting is prevalent in this area and
cuts across all rock types. The Williams Fork thrust fault at the western boundary of the Forest
juxtaposes Proterozoic granite and gneiss over Cretaceous sedimentary rocks.

Mineral Resources

In this report, mineral resource information is given in terms of mineral deposit types and
their geologic settings. Mineral deposit types are defined by geologic characteristics of known
deposits that may occur within or near the Forest. Each deposit type may be represented by a
known mine or mining district. For the discussion that follows, each mineral deposit type has
been assigned a letter designation (A, B, or C, etc.) for distinction on figures and tables within the
text. Definitions of terms used in the assessment of potential are summarized in Appendix 2. All
available information was assembled and analyzed according to the procedures outlined by Shawe
(1981) and Taylor and Steven (1983). This study is based primarily on information from
published sources but also includes unpublished data from previous studies.

The Forest contains several mines and mining districts and includes part of the productive
Colorado Mineral Belt. No major quantities of metallic minerals have been produced from mines
within the Forest (Neubert, 1994). Minor production occurred from the late 1800's though the
early 1970's, and exploration for metals continues today. Areas within the Forest displaying
substantial evidence of metallic mineralization, but only minor production, include the Hahns
Peak, Pearl, Teller, and La Plata-Dailey mining districts, the Greenville Mine area, and the
Parkview and Poison Ridge intrusive centers (Neubert, 1994).

Three areas within or adjacent to the Forest have records of major production. The
Northgate district, an important fluorite producer, is in the northeastern part of the Forest. This









Table 1. Resource potential of lands in the Routt National Forest and Middle Park Ranger
District of the Arapaho National Forest, Colorado, classified according to type of deposit.

[The Routt National Forest and Middle Park Ranger District of the Arapaho National Forest
contain a total of about 2,028 miZ. Figures in columns under each category of resource potential
are in mi® and are rounded to the nearest mi®. Letters preceeding the deposit type reference the
deposit type as discussed in the text.]

Type of Deposit Resource Potential
High Moderate

Locatable resources

A. StockworkMo ................ 14 59
B. PorphyryCu .................. 1 79
C. Polymetallicvein ............... 159 5
D. Stratabound massive sulfides . ... .. 123 364
E. Fluosparveins ................. 51 0
F. VeinU....................... 1 6
G. Sandstone U-V ................ 7 32
H. Placergold . ................... 5 6
I. PGE inultramaficrocks . ... ... ... 1 0
J. U-Th-REE in pegmatites . ........ 4 2

Total Locatable Resources . .. .. ... 366 547

Leasable resources

K. Coal......................... digitize  digitize
L. Conventional and subthrust oil and gas 0 1,120
M. Coalbed methane ............... 0 225
N. Basin-centeredgas .............. 0 0
O. Oilin fractured shales ........... 0 188

Total Leasable Resources ......... 0 1,622



Table 2. Description of areas of locatable and leasable resources in the Routt National Forest
and Middle Park Ranger District of the Arapaho National Forest, Colorado.

[Level of resource potential and certainty explained in Appendix 2. Map areas are shown on
figures 14-23 and 37-41 and Plate 1. --do-- indicates the entry is the same as the one above it]

Map Resource Commodities

area potential

Stockwork Mo

Al H/C Mo, Cu, Pb, Zn, Ag, Au
A2 H/C Mo, Cu, Pb, Zn, Ag, Sn, Nb
A3 M/C Mo, Cu, Pb, Zn, Ag, Sn, Au
Porphyry Cu

B1 M/C Cu, Mo, Pb, Zn, Ag, Au

B2 H/C Cu, Mo, Pb, Zn, Ag

B3 H/C Cuy, Mo, Pb, Zn, Ag, Au, As
Polymetallic veins

Ci H/C Ag, Au, Cu, Pb, Zn

C2 H/C Pb, Zn, Ag, Mo

C3 M/B Cu, Pb, Mo, Ag, W

C4 H/C Cu, Pb, An, Mo, As, Cd, Sb
Cs M/B Ag, As, V Zn, Co, Sn, W
Cé6 H/C Cu

(o) H/C Cu, Mo, Pb, As, Ag, W, Zn, Sn
Stratabound massive sulfides

D1 H/C Cu, Pb, Zn

D2 M/B --do--

D3 H/C --do--

Fluospar veins

El H/C F

E2 H/C --do--

E3 H/C --do--

Vein uranium

F1 M/B U

F2 H/C --do--




Table 2. Description of areas of locatable and leasable resources in the Routt National Forest
and Middle Park Ranger District of the Arapaho National Forest, Colorado—Continued.

Map Resource Commodities
area potential

Sandstone uranium-vanadium

Gl M/C UV
G2 H/C --do--
G3 M/B --do--
G4 H/C --do--
Placer gold

H1 M/C Au
H2 H/B --do--
H3 H/C --do--
H4 H/C --do--
H5 H/C --do--
H6 M/B --do---
H7 M/B --do---
PGE in ultramafic rocks

I1 H/C Pt, Pd
12 H/C --do--
U-Th-REE in pegmatites

n M/C U, Th, REE
J2 H/C --do--
J3 H/C --do--
J4 M/B --do--
J5 H/C --do--
Coal

K1 H/B Coal
K2 M/B --do--
K3 L/C --do--



Table 2. Description of areas of locatable and leasable resources in the Routt National Forest
and Middle Park Ranger District of the Arapaho National Forest, Colorado—Continued.

Map Resource Commodities
area potential

Conventional and subthrust gas accumulations

L1 M/B Gas
L2 M/B --do--
L3 M/B --do--
L4 L/C --do--
LS L/B --do--
L6 L/B --do--
Coalbed methane

Ml M/C Coalbed methane
M2 L/D --do--
Basin-centered gas

N1 L/C Gas
Oil in fractured shales

01 M/D Oil
02 M/D --do--
03 L/C --do--




area was the second largest producer of fluorite in Colorado and accounted for approximately 32
percent of the total fluorspar production in Colorado before it closed in the early 1970's (Brady,
1975). To the southwest of Northgate, the Crystal district also produced fluorite until the 1970's.
The Henderson Mine, located just outside the southeastern part of the Forest, was a major
producer of molybdenum.

Energy Resources

Areas in the Forest underlain by Paleozoic through Tertiary sedimentary rocks
have been intermittently explored for oil and gas since 1928. Three oil fields have been
discovered in the Elkhead Mountains and Flat Tops area. Although no coal production has been
recorded from the Forest, major mines operate near the Forest and parts of two major coal fields
extend into the Forest. Coal occurs in several formations in the Forest. Geothermal springs are
known in the town of Steamboat Springs and several miles to the north at Strawberry Park Hot
Springs.

Undiscovered Mineral and Energy Resources

Mineral and energy resources are classified into three types: locatable, leasable,
and salable. Areas rated as favorable for the occurrence of these resources are shown on figures 1
and 2. Tables 1 and 2 summarizes the mineral potential for each area; figure 1 shows areas of
potential for all locatable minerals and figure 2 shows areas of potential for all leaseable minerals.

Locatable Minerals
Locatable minerals include most metals and industrial minerals categorized by the
General Mining Law of 1872. Ten principal types of deposits of locatable minerals were
considered in this assessment and are listed below and in tables 1 and 2. Each summary of the
deposit type includes

a brief description of the geologic setting and the associated metals, and the location of principal
areas favorable to host these resources. Each deposit type is assigned a letter designation for
distinction on figures and tables within this report.

A. Stockwork molybdenum.—Formed in the upper parts of granite bodies and in the adjacent
country rock; deposits are valuable mainly for molybdenum, but also contain tungsten, tin, and
bismuth. The area around Hahns Peak and a small area in the Never Summer Mountains have
high potential for molybdenum in small stockwork deposits. An elongate area in the
southeasternmost part of the Forest, near the Henderson mine, has moderate potential for
undiscovered small stockwork deposits of molybdenum.

B. Stockwork copper-molybdenum.—Formed in shattered portions of granitic intrusions and the
surrounding country rock; deposits contain copper and molybdenum with byproduct gold,
tungsten, and tin, and traces of silver, lead, and zinc. Two small areas in the Rabbit Ears
Range have high potential for stockwork copper-molybdenum deposits. A large east-west-
trending area, consisting of several shallow plutons, along the crest of the Rabbit Ears Range
has moderate potential for stockwork copper-molybdenum.

C. Polymetallic veins.—Related to Proterozoic (?), Laramide, and Tertiary igneous activity;



deposits contain lead, zinc, silver, copper, and gold with minor molybdenum, tin, tungsten,
bismuth, and antimony. Major areas favorable for this deposit type include the Williams Fork
Mountains area, the northern part of the Park Range, and the Never Summers Mountains the
eastern part of the Forest.

. Stratabound sulfides in Proterozoic rocks.—Deposited in volcanic and sedimentary rocks in a
submarine environment during Proterozoic time; later metamorphism converted the volcanic
and sedimentary rocks to amphibolite, calc-silicate, and felsic gneisses. These deposits contain
lead, zinc, silver, copper, and gold. A large northeast-trending zone in the northern part of the
Park Range has high potential for massive sulfide deposits associated with calc-silicate and
amphibolite host rocks. A large area of moderate resource potential encloses this high
potential area. In the southeastern part of the Forest, a medium-sized area has high potential
for massive sulfides; this area has several mines and prospects containing copper, lead, and
zinc.

. Fluorspar veins.—Formed from hot solutions associated with igneous intrusions; deposits
contain fluorspar and minor amounts of barite. Three areas within the Forest have high
potential for vein fluorospar: the northern part of the Forest, near the Northgate deposits; the
Crystal mining district, on the eastern side of the Park Range; and the Delaney Butte area east
of the Forest in North Park.

Vein uranium.—Formed from hot solutions associated with igneous intrusions; deposits
contain uranium and other trace elements. A small area in the southeastern part of the Forest,
near Jones Pass, has high potential for uranium in veins associated with fractures in granitic
rock. On the southwest side of the Gore Range, near Morrison Creek, a small area has
moderate potential for vein uranium associated with granitic rock.

. Sandstone uranium-vanadium.—Formed during diagenesis of sandstone units; deposits
contain uranium, vanadium, and minor amounts of copper. Two areas have high potential for
sandstone-hosted uranium and vanadium: a north-south trending, elongate area near Rabbit
Ears Pass and the Troublesome mining district northeast of Kremmling. Two small areas have
moderate potential for sandstone-hosted uranium and vanadium: along Norris Creek on the
east side of the Park Range and a north-south trending elongate area near Rabbit Ears Pass.

. Placer gold —Deposited in streams or slope washes that traversed or eroded gold-bearing
rock; deposits contain gold and minor quantities of silver. Three small areas near Hahns Peak
have high potential for gold in placer deposits and one small area has moderate resource
potential. On Independence Mountain, just outside the Forest east of Mt. Zirkle, one area has
moderate and one area has high resource potential for small placer deposits. An area north of
the Rabbit Ears Range on the Forest boundary has moderate potential for gold.

Platinum group elements in ultramafic rocks.—Formed from gravity settling and convection
processes in intrusive basaltic magmas. Near Elkhorn Mountain in the northernmost part of
the Park Range, a small area within the Elkhorn complex has high potential for platinum-
group elements; a small area between Bear and Lone Pine Creeks on the east side of the Park
Range also has high potential for platinum-group elements.

U-Th-REE in pegmatites.—Formed from crystallization of minerals from residual melts of
granitic bodies. Three areas have high and two areas have moderate potential for U, Th, and
REE in pegmatites. These areas occur within the north-central part of the Forest in the
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granitic rocks of the Park Range.

Leasable Minerals
The first major change in the Mining Law of 1872 came with the passage of the Mineral

Leasing Act of 1920. The 1920 Act placed the following minerals under the leasing law: oil, gas,

coal, oil shale, sodium, potassium, phosphate, native asphalt, bituminous rock, and sulfur.

Geothermal energy was added to the list of leaseable minerals by the Geothermal Steam Act of

1970. The principal leasable minerals in the Forest are listed below and areas favorable for

resources are briefly described. Hot springs are present in the town of Steamboat Springs and

about 8 mi to the north at Strawberry Park Hot Springs. The extent of these springs has been
outlined in previous studies and there is no potential for undiscovered springs in the remaining
parts of the Forest.

K. Coal.—Formed from the decomposition and alteration of organic remains in deltaic
environments. One area in the northwestern part of the Forest has high potential for coal. An
area of moderate potential is in the southwestern part of the Forest in the Flat Tops, and an
area of low potential is in the eastern part of the Forest in the Rabbit Ears Range.

L. Conventional oil and gas.—Formed in near-shore and coastal-plain environments from the
decay of hydrocarbons in source rocks. Three large areas in the Forest have moderate
potential and five large areas have low potential for further conventional discoveries of oil and
gas.

M. Coalbed methane.—Generated during the maturation process of coal. One small area in the
northwest part of the Forest in the Elkhead Mountains has moderate potential, and one small
area in the southwest part of the Forest in the Flat Tops has low resource potential for
coalbed methane accumulations.

N. Basin centered gas.—Formed in near shore and coastal plain environments from the decay of
hydrocarbons in source rocks. A small area in the western part of the Elkhead Mountains has
low resource potential for basin-centered gas.

O. Fractured shale-oil accumulations.—Formed in near-shore and coastal-plain environments
from the decay of hydrocarbons in source rocks. Shale is the source rock and the reservoir
rock; oil can be produced where shale is thermally mature and fractured. Three areas in the
western part of the Forest have moderate potential for fractured shale-oil accumulations, and
one large area in the eastern part of the Forest has low potential.
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Salable Minerals

Salable minerals, as defined in the Materials Act of 1947, include petrified wood, sand,
dimension stone, gravel, pumice, cinders, perlite, and some clay. Salable minerals in the Forest
include crushed aggregate, dimension stone, sand, and gravel.

Crushed aggregate.—Numerous sources of crushed aggregate are present in the Forest in
the Elkhead Mountains, the Park and Medicine Bow Ranges, and the Flat Tops. Aggregate
includes sandstone, volcanic rocks, granite, basalt, landslide material, and glacial drift. Uses are
roadway building, concrete, railroad ballast, rip rap, and fill.

Dimension stone.—Some decorative dimension stone is produced locally in the Forest in
the Park Range, Elkhead Mountains, and Flat Tops. Moss or lichen-covered granite and
sandstone are used for interior or exterior facing in homes or buildings.

Sand and gravel. —Numerous deposits of sand and gravel are located along the Elk and
Colorado Rivers and their major tributaries within the Forest. Uses include concrete work and
products, fill material, plastering sands, and snow and ice control.

Quantitative Assessment of Metallic Resources Using Grade-Tonnage Models

At the request of the U.S. Forest Service, the U.S. Geological Survey provides subjective
probabilistic estimates of undiscovered mineral resources that might exist within the Forest.

Based on the geology, geophysics, geochemistry, and production records of known deposits in
the Forest, deposit types were defined and compared to other similar deposits worldwide. The
number of undiscovered deposits of median size on the grade-tonnage curve likely to be present in
the Forest was estimated at the 90th, SOth, 19th, Sth, and 1st percentiles; the first percentile is the
likelihood of occurrence with a 1 percent probability. Using the computer program MARK3,
tonnages for undiscovered deposits in the Forest were estimated from known tonnages and grades
of deposits worldwide. Esitmates do not consider any of the economics involved in extracting the
metals.

Only three mineral deposit types have sufficient grade and tonnage information for
assessment using MARK3: massive sulfide deposits in Proterozoic rocks, porphyry copper
deposits, and placer gold deposits. All remaining deposits known in the Forest lack sufficient data
for the quantitative assessment.

For massive sulfide deposits, the number of undiscovered deposits was estimated to be 0,
0, 1, 1, and 2 at the 90th, 50th, 10th, 5th, and 1st percentiles, respectively (estimates for the
remaining deposits are presented in the same order of percentiles). Estimates of mean metal
content in undiscoved massive sulfide deposits in the Forest are: 3,200 tonnes of copper, 1,900
tonnes of zinc, 180 tonnes of lead, 0.05 tonnes of gold, and 2.9 tonnes of silver in 48,000 tonnes
of total ore. For porphyry copper deposits, the number of undiscovered deposits was estimated to
be 0, 0, 1, 1, and 2. Estimated mean metal contents are 109,000 tonnes copper, 1,600 tonnes
molybdenum, 2.6 tonnes gold, and 17 tonnes silver in a total of 20,000,000 tonnes of ore. For
placer gold, the number of undiscovered deposits was estimated at 0, 0, 1, 1, and 1. Estimated
mean metal content is 0.6 tonnes of gold and 0.003 tonnes of silver in 3,900,000 tonnes of ore.
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INTRODUCTION

This report presents an assessment of the mineral and energy potential of the Routt
National Forest and the Middle Park Ranger District of the Arapaho National Forest, referred to
as "the Forest" in this report. The Middle Park Ranger District of the Arapaho National Forest is
included in this report because the two areas are administered by the staff of the Routt National
Forest and are included in a single planning document. The Middle Park Ranger District is east of
the Routt National Forest and includes parts of the Gore and Rabbit Ears Ranges and the Williams
Fork and Vasquez Mountains. For simplicity, only figure 3 distinguishes the Middle Park Ranger
District; in all other plates and figures, the district is included within the Forest boundary.

This mineral resource assessment was produced to assist the U.S. Forest Service in
fulfilling the requirements of the Code of Federal Regulations (36CFR 219.22) and to supply
information and interpretations necessary for mineral resources to be considered along with other
kinds of resources in land-use planning. This report addresses the potential for undiscovered
mineral and energy resources in the Forest and is based upon information available as of May
1994. The identified, or known, mineral and energy resources of the Forest were studied by the
U.S. Bureau of Mines (Neubert, 1994).

Geographic Setting

The Routt National Forest and the Middle Park Ranger District of the Arapaho National
Forest cover approximately 1.2 million acres in north-central Colorado. Parts of six counties are
within the Forest: Routt, Jackson, Grand, Moffat, Rio Blanco, and Garfield. Five separate parcels
comprise the Forest (fig. 3), and consist of primarily forested land at higher elevations separated
by rolling hills and valleys of brush and meadows. The largest parcel borders Wyoming and
includes the Elkhead Mountains and the Park and Gore Ranges. Small scattered parcels along the
crest of the Medicine Bow Mountains comprise the northeasternmost part of the Forest. The
central parcel borders Rocky Mountain National Park and includes the Rabbit Ears Range and
part of the Never Summer Mountains. The two southern parcels share borders with White River
National Forest: the southwestern parcel includes part of the Flat Tops Primitive Area and the
southeastern parcel includes the Williams Fork and Vasquez Mountains.

The Continental Divide lies within the Forest along the crests of the Park and Rabbit Ears
Ranges and forms part of the Forest boundary in the Never Summer and Vasquez Mountains.
Elevation in the Forest ranges from about 6,800 ft at Mad Creek to over 12,900 ft at Clark Peak
in the Medicine Bow Mountains. The Forest also partially encloses two topographic basins,
North Park and Middle Park, located along the eastern slopes of the Park and Gore Ranges. The
Rabbit Ears Range divides the mostly flat-lying, sage-covered North Park from the hills and
valleys of Middle Park.

Most of the tributaries that drain the Forest flow into the Colorado River, with the
exception of the tributaries that drain into North Park and flow into the North Platte River.
Numerous alpine lakes dot the topography, particularly in the Mount Zirkel Wilderness Area, and
Steamboat Lake and Lake Catamount are located just outside the Forest (pl. 1). Access to the
Forest is provided by several improved and unimproved roads from U.S. Highway 40 and State
Highways 9, 125, and 131. The major communities near the Forest are Steamboat Springs,
Walden, Kremmling, Craig, and Yampa.
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Methods for Identifying Favorable Areas for Undisovered Mineral Resources

Mineral and energy resources include three categories: locatable resources, leaseable
resources, and salable resources. Areas favorable for the occurrence of these resources are
summarized on figures 1 and 2. Areas within the Forest that were rated as favorable for specific
types of as yet undiscovered resources are similar to those that are productive deposits elsewhere
in the Forest or in other parts of the United States.

Mineral and energy resources are specified in terms of deposit types and their geologic
settings. Deposit types are based on geologic characteristics of known deposits within or close to
the Forest. Most of the mineral deposit types are exposed in mines or prospects. The boundaries
of favorable areas are based on a combination of geologic, geochemical, and geophysical critiera.
A letter designation (A, B, C, and so forth) is used to represent the deposit type in the text and on
the various figures and plates. Definition of terms used in this assessment of mineral potential for
each deposit type are summarized in Appendix 2.

All available information was assembled and analyzed according to the procedures
outlined by Shawe (1981) and Taylor and Steven (1983). Mineral and energy resource potential
information is presented in detail on plate 1 and is summarized on figures 1 and 2. This study is
based primarily on published literature but includes unpublished data from studies in progress.

Previous Assessments

Parts of the Forest have been previously assessed for mineral and energy resources by the
U.S. Geological Survey. These areas include the Flat Tops Primitive area, the Mount Zirkel
Wilderness, the Williams Fork Roadless Area, the Service Creek Roadless area, and the Never
Summer, Rawah, and Vasquez Peak Wilderness Study Areas (fig. 4). In addition, a small Bureau
of Land Management Wilderness Study Area that adjoins the Forest was also studied (fig. 4)
(Dickerson and McDonnel, 1989). Published reports describe the geology and evaluate the
mineral potential of each area. References for each report are in table 3.
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Table 3. Previous studies that cover parts of the Routt National Forest and Middle Park Ranger
District of the Arapaho National Forest, Colorado.

[NURE, National Uranium Resource Evaluation]

Study Area Reference

Flat Tops Primitive Area ........... Mallory and others (1966)

Williams Fork Roadless Area. ....... Theobald and others (1985); Barton (1985b)

St. Louis Peak Roadless Area ....... Theobald and others (1985); Barton (1985a)

Vasquez Peak Wilderness Study Area . Theobald and others (1985); Barton (1985c)

Mt. Zirkel Wilderness Study Area . ... Snyder and others (1981); (Snyder, 1987b)

Service Creek Roadless Area ... ..... Schmidt and others (1984)

Rawah Wilderness Study Area . . ... .. Motooka and others (1979); Pearson and others
.............................. (1982)

Neota-Flat Top Wilderness Study Areas Pearson and others (1981)
Never Summer Wilderness Study Area . Pearson and others (1981)

Craig 1°x2°NURE .............. Bolivar and others (1979); Craig and others (1982)

Rawlins 1°x2°NURE ............ Weaver and others (1978)

Cheyenne 1°x2°NURE ... ........ Trexler (1978)

Greeley 1°x2°NURE ............ Bolivar and others (1978); Youngquist and others
.............................. (1981)

Denver 1°x2°NURE . ............ Bolivar and others (1978); Shettel and others
.............................. (1981)

Leadville1° x2°NURE ........... Planner and others (1981)

Craig 1° x 2° and
Rawlins 1° x 2° detailed NURE ... Shannon and others (1981)
Hahns Peak and Pearl Districts . . . . . .. Allen (1982)

17



GEOLOGY
By Margo 1. Toth and Sandra J. Soulliere

The geology of the Forest was compiled from published geologic maps at a scale of
1:250,000. Most of the geology was modified from the Craig 1° x 2° quadrangle (Tweto, 1976)
but parts of the Denver (Bryant and others, 1981), Leadville (Tweto and others, 1978), and
Greeley (Tweto and others, 1978) 1°x 2° quadrangles were also used. Detailed geology is in
other publications (Snyder, 1980a, b, ¢ and d; Braddock and Cole, 1990).

Geologic History

The geologic history of the Forest encompasses almost 2 billion years and is characterized by
complex structural and rock-forming events. Excellent papers by Tweto (1980), Wallace (1990),
De Voto (1990), and Reed and others (1993) describe the geologic setting and tectonic history of
Colorado. Hedge and others (1986) describe the Proterozoic of the Rocky Mountain region and
Tweto (1987) describes the nomenclature of Proterozoic rocks in Colorado. Much of the
following discussion is drawn from these sources.

Within the area of the Forest, the oldest rocks are Early Proterozoic. Volcanic and
sedimentary formations were accreted onto the margin of the Archaen Wyoming craton and
metamorphosed to gneiss, schist, and migmatite at about 1.7 Ga (billion years) ago. During Early
(1.7 Ga) and Middle Proterozoic (1.4 Ga) time these rocks were intruded by large granitic
plutons. Within the Forest, Proterozoic rocks make up the core of most of the major mountain
ranges (plate 1). The Proterozoic rocks are cross-cut by well-defined, northeast-trending faults
and shear zones of the Colorado Lineament, which was initially formed in the Proterozoic
(Warner, 1978) and was reactivated later. The northern margin of this lineament, known as the
Mullen Creek-Nash Fork shear zone, traverses southeastern Wyoming.

The next major geologic event occurred during early and middle Paleozoic time when a thick
sequence of marine and non-marine sediments was deposited on the Proterozoic rocks. InLate
Paleozoic time, two elements of the Ancestral Rocky Mountains, the Uncompahgre highland and
the Ancestral Front Range, were formed. The Ancestral Front Range occupied much of the area
currently encompassed by the Forest. Parts of the Ancestral Rocky Mountains may have attained
altitudes of as much as 5,000 to 10,000 feet above sea level (Mallory, 1971). Uplift of the
Ancestral Rockies caused older sedimentary rocks to be eroded and in places the Proterozoic
basement was partially exposed. Sedimentary rocks were deposited in a large basin that formed
between the Uncompahgre and Front Range and also locally on the newly exposed Proterozoic
basement rocks.

During Mesozoic time mountain-building decreased and inland seas covered the area,
depositing marine and nonmarine sediments. Clastic sediments were deposited in early Mesozoic
time as erosion of the highlands contined. Continental, marginal-marine, and complexly
intertonguing marine and non-marine sediments were deposited through the rest of the Mesozoic.

The final exit of the sea marked the beginning of the Laramide orogeny, which produced most
of the present primary mountain ranges in central Colorado. During this orogeny, plutonic rocks
were emplaced along a northeast-trending zone in central Colorado coincident with the major
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Proterozoic structures. Streams eroded older sedimentary rocks and these deposits accumulated
in structural basins formed during Late Cretaceous and Tertiary time.

During late Cenozoic time, crustal extension associated with formation of the Rio Grande rift
farther south caused development of the present basin and ranges. Extension was accompanied
by intrusion of a wide variety of granitic rocks 28 to 23 Ma, by eruption of volcanic rocks 33 to
30 Ma, and by intrusion and eruption of rhyolite and basalt 20 Ma to 7.6 Ma.

A major period of glaciation began in the area of the Forest about 500,000 years ago and was
repeated as recently as 12,000 years ago. During the height of glaciation, ice almost totally
covered the higher ranges and the valleys were filled with glaciers. The modern alpine
topography with deep U-shaped valleys that is seen today is largely a product of glacial erosion.

Description of Rock Units
Proterozoic rocks

The most widespread rocks in the Forest are Proterozoic metamorphic and plutonic rocks,
exposed in the core of most of the major mountain ranges. The rocks fall into five lithologic
groups and are of two ages, 1.7 Ga and 1.4 Ga.

Two of the groups of metamorphic rocks occur in the Forest: hornblende gneiss, amphibolite,
and calc-silicate gneiss (Xfh, plate 1), and biotite gneiss and migmatite (Xb, plate 1). These rocks
are typically metamorphosed to upper amphibolite or sillimanite facies and are structurally and
stratigraphically complex. The hornblende gneiss, amphibolite, and calc-silicate gneiss are
dominant in the northern part of the Forest in the Park Range. Smaller amounts are present in the
Medicine Bow Mountains, Never Summer Mountains, and in the southeastern part of the Forest
in and near the Vasquez Mountains. Before metamorphism, the hornblende gneiss and
amphibolite were probably mafic lava flows, near-surface intrusions, or layers of basaltic ash that
were deposited in sea water; the carbonate-rich layers and calc-silicate gneiss likely were
carbonate sediments. The biotite gneiss and migmatite crop out in small isolated areas in the Park
Range and Gore Range, in large parts of the Never Summer Mountains, and as a large,
continuous body in the southeastern part of the Forest in the Williams Fork Range and Vasquez
Mountains. Before metamorphism, the gneiss and migmatite probably were marine deposits of
graywacke and shale and felsic volcanic rocks.

The Routt and Berthoud Plutonic suites make up the remaining Proterozoic rocks in the
Forest. Rocks of the Routt Plutonic suite are 1.7 Ga in age and consist of a mafic and a granitic
suite of plutons; rocks form the Berthoud Plutonic suite are 1.4 Ga in age and consist only of
granitic plutons.

The 1.7-Ga mafic plutons in the northern part of the Park Range (Xm, plate 1) are small,
homogenous, and consist of biotite-hornblende quartz diorite . The largest, the Elkhorn Mountain
pluton, extends from in the northwestern part of the Park Range across the Wyoming border.

The mafic plutons grade into 1.7 Ga granitic rocks, but elsewhere angular inclusions of of mafic
plutons occur in graniatic rocks, indicating that they are distinctly older than the granite (Snyder,
1987b). '

The 1.7-Ga granitic rocks include foliated quartz monzonite and granodiorite (Xg, plate 1) of
the Rawah and Boulder Creek batholiths (Tweto, 1987). The largest continuous outcrop of these
rocks is in the core of the Gore Range, but significant amounts also occur in the northern Park
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Range closely associated with calc-silicate gneisses, in the Medicine Bow Mountains, and in the
southeastern part of the Forest in the Williams Fork Mountains. The granitic plutons are
generally concordant with the enclosing gneisses, and contain biotite and (or) hornblende. The
bodies were intruded during and immediately following the folding and metamorphism of the
gneiss and migmatite complex.

The 1.4-Ga intrusive rocks are composed of massive to gneissic biotite granite, quartz
monzonite, and granodiorite (Yg, plate 1). These bodies have the following occurrences: large
continuous bodies of the Sherman batholith in the Medicine Bow Mountains, one northeast-
elongate, continuous body of the Mt. Ethel pluton in the central part of the Gore Range, and fault
slivers of the Silver Plume batholith in the Williams Fork Mountains. Contacts with the country
rock range from sharp to diffuse. Rocks from these units lack metamorphic foliation, and most
are discordant with the enclosing gneisses. This plutonic event was largely anorogenic.

Paleozoic Rocks

Lower Paleozoic rocks in the Forest (M€, plate 1) include the following sedimentary units:
Leadville Limestone (Lower Mississippian), Gilman Sandstone (Mississippian or Devonian), Dyer
Dolomite (Mississippian (?) and Devonian, Parting Sandstone (Devonian), and the Sawatch
Quartzite (Upper Cambrian). The units are only present as isolated outcrops on the southwestern
flank of the Gore Range. The maximum combined thickness of the lower Paleozoic rocks is less
than 350 feet.

Middle and upper Paleozoic rocks in the Forest include the State Bridge Formation (Lower
Triassic to Lower Permian), Goose Egg Formation (Permian), Satanka Shale (Permian), Maroon
Formation (Lower Permian to Middle Pennsylvanian), Weber Sandstone (Lower Permian to
Middle Pennsylvanian), the Eagle Valley Evaporite (Middle and Upper Pennsylvanian), and the
Minturn Formation (Middle Pennsylvanian). These formations contain conglomerate, sandstone,
mudstone, shale, gypsum, anhydrite, and minor amounts of limestone. Many of the formations
have a characteristic maroon or red color. These formations either pinch out or are truncated
against the western flank of the Gore Range; only small, isolated outcrops are present in the
Forest.

Mesozoic Rocks

Mesozoic rocks in the Forest include the following sedimentary units: Lance Formation
(Upper Cretaceous), Fox Hills Sandstone (Upper Cretaceous), Lewis Shale (Upper Cretaceous),
Mesaverde Group (Upper Cretaceous), Pierre Shale (Upper Cretaceous), Mancos Shale (Upper
Cretaceous), Colorado Group (Upper Cretaceous), Dakota Sandstone (Upper and Lower
Cretaceous), Morrison Formation (Upper Jurassic), Curtis Formation (Middle Jurassic),
Sundance Formation (Middle Jurassic), Entrada Sandstone (Middle Jurassic), the Nugget
Sandstone (Lower Jurassic), Glen Canyon Sandstone (Lower Jurassic), Chinle Formation
(Triassic), and the Chugwater Group (Triassic), (Ku, Ju, and TPu, plate 1). The lower of these
units consists dominantly of sandstone and conglomerate; shale becomes more prevalent in the
upper part of the section. The Mesozoic rocks crop out in small, elongate, north-trending areas
along the flanks of the Gore and Park Ranges. Extensive outcrops of Cretaceous rocks are west
of the Gore Range in the Flat Tops, but only the Mancos Shale crops out within the Forest.
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Middle Tertiary Rocks

Middle Tertiary rocks are moderately widespread in the Forest except in the Park and Gore
Ranges. Four groups crop out in the Forest: 1) Oligocene Rabbit Ears volcanic field, 2)
Oligocene and Late Miocene calc-alkaline hypabbysal intrusives, 3) Late Miocene compositionally
diverse intrusive and extrusive rocks, and 4) Miocene basalt and basaltic andesite flows.

The oldest of the Tertiary igneous rocks in the Forest are those in the Rabbit Ears Volcanics,
which extends southward from the crest of the Rabbit Ears Range into Middle Park (Tv, plate 1).
The Rabbit Ears Volcanics were erupted 30-33 Ma ago (Izett, 1966, Naeser and others, 1973).
The volcanics range in thickness from 0-100 ft in the southern areas to as much as 800 ft thick in
the northern outcrop area. The Rabbit Ears Volcanics consist of a complexly interlayered
sequence of breccias, lahars, and tuffs, and a few thin, discontinuous trachyandesite and
trachybasalt lava flows; the tuffs are generally rhyolitic and are slightly welded to nonwelded.
Fragments in breccia vary widely in color and texture, and range in composition form silicic to
intermediate. Fragments in the south are less than 2 ft in diameter, and in the north blocks as
much as 5 ft in diameter are common, suggesting a northern source area. Trachyandesite lava
flows are interlayered in the upper part, and trachybasalt lavas have been found only at the base.

Most of the Oligocene and Late Miocene hypabsyal intrusive rocks in the Forest crop out in
an east-west trending belt in the Rabbit Ears Range that extends from Baker Mountain in the
Rabbit Ears Range on the west to the Never Summer Mountains on the east (Ti, plate 1). Two
other occurrences of these rocks are in or near the Forest: a medium-sized pluton at the southern
end of the Gore Range and the small, Red Mountain plug (associated with molybdenum), just
outside the southeastern boundary of the Forest (pl. 1). The rocks range in age from 22.7 to 28.8
Ma (Izett, 1966, Naeser and others, 1973) although most of them are Oligocene in age (older
than 24 Ma). Compositions range from dacite to rhyolite. Most of the intrusive rocks are fine- to
medium-grained and are strongly porphyritic in texture.

Compositionally diverse Late Miocene rocks crop out in two fairly limited areas: west of the
Park Range in the Elkhead Mountains and high in the Park Range in the area around Walton Peak
and Rabbit Ears Pass (To, plate 1). Most of the rocks in the Elkhead Mountains are 7.6 to 11.5
Ma in age and occur as hypabyssal stocks, sills, and dikes. Intrusive rocks in the Elkhead )
Mountains range in composition from basalt to rhyodacite and include alkalic varieties of these
compositions; the more felsic rocks are concentrated in the central area around Hahns Peak. In
the area around Walton Peak and Rabbit Ears Pass a large area of trachybasaltic volcanic rocks
(Tv, plate 1) is intruded by small, intermediate-composition porphyries. One porphyry just west
of Rabbit Ears Pass area has an age of 17.0 Ma (Snyder, 1980b); the trachybasalt flows were
erupted from between 17 and 20 Ma.

Miocene basaltic and basaltic andesite flows are in the southwestern part of the Forest,
predominantly in the area of the Flat Tops (Tb, plate 1). The basalts are part of a bimodal
assemblage that includes small rhyolitic dikes and flows on the eastern side of the Flat Tops. The
basaltic rocks are dense, black, and alkalic and form flows 5 to 200 ft thick; they include
interbedded tuffs and volcanic conglomerates.

Late Cretaceous and Tertiary Rocks
Late Cretaceous and Tertiary rocks in the Forest include the following Formations: Middle
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Park Formation (Paleocene and Upper Cretaceous(?)), Wasatch Formation (Eocene and
Paleocene), Coalmont Formation (Eocene and Paleocene), Fort Union Formation (Paleocene),
White River Formation (Oligocene), Troublesome Formation (Miocene and Oligocene), Browns
Park Formation (Miocene), and North Park Formation (Miocene) (KTs, plate 1). These units
were deposited in local structural basins and small grabens that formed during Tertiary time. The
rocks are made of claystone, siltstone, limestone, sandstone, and conglomerate; locally they
contain beds of volcanic ash. Extensive outcrops are present to the west of the Park Range in the
Sand Wash basin and east of the Park and Gore Ranges in North and Middle Parks.

Quaternary and Pliocene (?) Unconsolidated Deposits
Holocene alluvium is in drainages and fans across the Forest and consists of gravel, sand, and
silt. Extensive landslide of Holocene and Pleistocene age occur along the east side of the Gore
Range and in the Elkhead Mountains. The landslides deposits consist of shaly material with
variable amounts of boulders of sandstone and basalt. Pleistocene glacial till and outwash in the
Gore Range consist of boulders, gravel, and sandy deposits. Pliocene (?) gravel deposits are on
Gravel Mountain in the eastern part of the study area near the Continental Divide.

Colorado Mineral Belt

In Colorado, most of the important hydrothermal mineral deposits are part of an elongate
zone known as the Colorado Mineral Belt (Tweto, 1963) (fig. 5), which extends from the San
Juan Mountains in southwestern Colorado to the eastern margin of the Front Range, northwest of
Denver. The belt contains a large number of mineral deposits associated with numerous felsic to
intermediate intrusive and volcanic rocks of Late Cretaceous to late Tertiary age. The Colorado
Mineral Belt cutsacross both pre-Cretaceous structural trends and the present north-south
topographic grain of the southern Rocky Mountains. Only the southeasternmost part of the
Forest falls within the Mineral Belt.
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Structural Geology

Rocks in the Forest have a complex structure that reflect events in Proterozoic, Paleozoic,
Early Mesozoic, and late or post-Miocene. Many of the major structures were complicated by
recurrent movements and intrusion of Proterozoic and Tertiary plutons.

Three major systems of Proterozoic faults and shear zones are recognized in the Forest (plate
1) (Tweto, 1980). A fault system trending north-northwest is widespread; some elements of this
system originated before the emplacement of the 1.7 Ga plutons but other elements postdate
emplacement of the 1.4 Ga granitic plutons. The Gore fault on the west side of the Gore Range is
typical of these structures (plate 1).

A system trending northeast is expressed mainly by strongly developed shear zones that cut
across the trend of major mountain ranges. This system was active principally during and
following intrusion of the 1.4 Ga granitic suite, although it may have originated earlier (Tweto,
1980). The shear zone in the northern Park Range between Soda Creek and North Fork Fish
Creek is one of the best developed of these zones in the Forest (plate 1). Rocks in these zones
are typically ground or "mylonitized" to very fine grained rocks.

The third system of faults is an east-west trending fault system that parallels major lithologic
contacts in the basement rock; this system is only present in the northernmost part of the Forest
close to the Wyoming border. To the north of the Forest in Wyoming, a similar structure called
the Mullen Creek-Nash Fork shear zone separates Archean basement rocks to the north of the
zone from Early Proterozoic rocks to the south of the zone. The shear zone is interpreted to
represent a collision boundary between the Archean craton to the north and Proterozoic island arc
terrane to the south (Hills and Houston, 1979).

Uplift of the Ancestral Rocky Mountains reactivated Proterozoic structures, such as the Gore
fault, as well as forming new faults. The Gore fault bounded the western side of the Ancestral
Front Range; aprons of coarse arkosic sediment were deposited next to the fault in the central
Colorado trough.

Tectonic uplift, folding, and faulting were also associated with the Laramide orogeny in latest
Cretaceous time. Several of the major Laramide uplifts occupy the sites of Late Paleozoic uplifts.
The Medicine Bow, Park, and Gore Ranges occupy the site of the late Paleozoic Front Range
highland (Tweto, 1980). Most of the uplifts formed by reactivation of Late Paleozoic and
Proterozoic faults, but new faults, such as the Williams Fork Range thrust (plate 1), were also
formed. The thrust faults were originally interpreted to be near-surface expressions of steep
faults formed by vertical forces(Tweto, 1980), but recent research indicates that many thrusts
flatten beneath mountain uplifts and were formed by horizontal forces (Erslev, 1992). Large,
deep structural basins formed concurrently with the Laramide uplifts, and sediments deposited in
the basins are a principal record of the Laramide orogeny. North Park, Middle Park, and Sand
Wash basin are examples of these basins (plate 1).

Laramide tectonism waned in the Eocene and was replaced by erosion, sedimentation, uplift,
local folding, and normal faulting related to crustal extension. Block faulting reactivated many
Laramide and Proterozoic faults, renewing uplift of many of the mountain ranges. Several faults
of Late Miocene age occur along the western side of the Park Range. The Steamboat Springs
fault has as much as 900 ft of movement (Izett, 1975). Extension formed the north-northwest
trending Rio Grande rift zone, which may extend as far north asWyoming (Tweto, 1979).

24



GEOCHEMISTRY
By Steven M. Smith

Geochemical Surveys

Geochemical data used in the assessment of the Forest were obtained pnmanly from samples
collected and analyzed for previous mineral assessments. Sample data are in the U.S. Geological
Survey Branch of Geochemistry's National Geochemical Data Base (described by Hoffman and
Marsh, 1994). These data were derived from USGS analyses of 1,701 rock, 2,460 stream-
sediment, and 475 heavy-mineral-concentrate samples, taken for previous resource assesments of
wilderness areas (table 3), and National Uranium Resource Evaluation (NURE) project analyses
of 3,256 stream-sediment samples taken for uranium resource assessments of 1° x2°
quadranges (table 3). Data for another 206 stream-sediment samples from the Hahns Peak and
Pearl mining districts (Allen, 1982) also were added; altogether, 8,098 samples are represented.
The NURE data were combined from the Cheyenne, Craig, Denver, Greeley, Leadville, and
Rawlins 1° x 2° quadrangle reconnaissance studies and from detailed follow-up studies in the
Craig and Rawlins 1° x 2° quadrangles (table 3). Published data were included from USGS
mineral-resource assessments of the Flat Tops Primitive Area, the St. Louis Peak, Service Creek,
and Williams Fork Roadless Areas, the Neota-Flat Top, Never Summer, Mt. Zirkel, Rawah, and
Vasquez Peak Forest Service Wilderness Study Areas (table 3) and unpublished data were
included from analyses performed in support of USGS geologic mapping throughout the region.

Method of Study

The data contain analytical values for 62 different elements, although no single sample was
analyzed for all of these elements. Eighteen elements commonly associated with mineral deposits
were selected for primary use in this study: antimony, arsenic, bismuth, cadmium, chromium,
cobalt, copper, gold, lead, mercury, molybdenum, nickel, silver, tin, tungsten, uranium, vanadium,
and zinc.

The use of three separate sample media, analyzed by various techniques at different
laboratories, precluded simply combining raw data into one interpretable data base. For each
sample medium, data were separated by project (table 3) and analytical method, and were divided
into five classes; low background, high background, slightly anomalous, moderately anomalous,
and highly anomalous. The four threshold values (table 4) between these five classes were
determined by examining data frequency histograms in conjunction with crustal abundance data
(Parker, 1967, Fortescue, 1992), spatial distribution patterns, multi-element correlations, and
geology. In most cases, the four threshold values were the same or similar for samples from
projects analyzed by the same laboratory and method. Exceptions are noted in table 4.
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Table 4. Threshold values used to divide concentration ranges of elements in different sample media into five classes: low background,
high background, slightly anomalous, moderately anomalous, and highly anomalous.

[Values in parts per million. (a), threshold of high background class (lowest high background value); (b), threshold of slightly anomalous class (lowest slightly anomalous value); (c), threshold of
moderately anomalous class (lowest moderately anomalous value): <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>